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AT FELEVATED TEMPERATURES

By Willism D. Deveikis
SUMMARY

Elevated-temperature compressive-strength test results from room
temperature to 600° F and creep test results from 3500 F to 500o F are
presented for V-groove edge-supported plates of TO75-T6 aluminum elloy.
The test data are compared with calculations obtained from procedures
for estimating maximum strength from materisl stress-strain curves and
creep~fallure stresses from isochronous stress-strain curves. The
strength and creep results from this investigastion are also compared
with similar results from 2024-T3 gluminum-alloy plates.

INTRODUCTION

The behavior of structural elements at elevated temperatures is an
important consideration in the structural design of high-speed sircraft.
Changes in material properties and time-dependent deformations are effects
associated with elevated temperatures which have given rise to the need
for adequate procedures for determining both short-time strength at these
temperatures and stresses that will cause failure due to creep. Several
investigators have shown that the procedures commonly used for correleting
strength with material properties at room temperature msy also be used to
effect correlation at elevated temperatures if the materisl stress-strain
curve at the applicable temperature and exposure time is known (refs. 1
to 5). These procedures have also been found useful in the estimation
of creep-failure stresses by substituting isochronous stress-strain curves
for the material stress-strain curve (refs. L4 to 8).

In the present paper, an analysis is undertaken to determine the
applicaebility of a procedure for correlating plate strength with material
properties (given in ref. 2) to TO75-T6 aluminum-alloy plates tested at
elevated temperatures under both short-time and creep loading conditions.
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In addition, the data in this paper permit s direct comparison with the
strength and creep results for 2024-T3 aluminum-alloy plates glven in ~
reference 4.

SYMBOLS
Ay, 05, K material creep constants
b width, in. -
Eq _ secant modulus, ksi
t thickness, in.
T temperature, °F
Th sbsolute temperature, °R
R.T. room temperature
€ : gtrain
€ unit shortening B
Ep unit shortening et meximum (failing)-load
o stress, ksi
o average stress, ksl
Ucy 0.2-percent-offigset compressive yleld stress, ksi
e average stress at meximum ('failing) load, ksi
T time, hr

Te failure time, hr
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SPECIMENS, EQUIPMENT, AND PROCEDURES

In the present investigation, compressive-strength tests were per-
formed on plates for wildth-thickness ratios ranging from 15 to 60 at
temperatures up to 600° F and plate creep tests were performed at temper-
atures from 350° F to 500° F. In sddition, materisl properties were
obtained from compressive stress-strain tests at temperatures up to 600° F.
The plate specimens were 20.00 inches long and the compressive stress-
strain specimens were 2.52 inches long and 1.00 inch wide. AlLl specimens
were machined from s 1/16-inch~thick 7075-T6 aluminum-zlloy sheet with
the specimen length orlented parallel to the grein direction of the sheet.

The testing and recording equipment is shown 1n figure 1. This
equipment was also used in the investigation of creep of 2024-T3 aluminum-
alloy plates reported in reference 4. In the flgure the furnaece has been
removed to reveal the test fixtures and plate specimen. Ioad was applied
wilth the hydraulic testing machine in the plete strength tests, and the
dead-weight apparatus was used to maintain constant load on the specimen
during the creep tests. Shortening of the plates during both the
compressive-strength and creep tests was determined by measuring the rela-
tive motion between the top and bottom loading surfeces with linear veri-
gble differential transformers. The speclmen temperature wes measured
with lron-constentan thermocouples and malntalned wilthin i5° F of test
temperature.

Support for the side edges of the plate speclmens was provided by
V-groove edge fixtures (fig. 2). A smaell clamping force was required
to keep the specimen alined in the grooves. When the test temperature
was attalned and stebilized, azdjustments were made to the clemping bolts
of the fixture to achieve a8 closely as possgible the clamping force used
in the roam-temperature strength testse. In & creep test, if the plate
gpecimen did not collapse wlthlin an 8-hour day, the load was removed, and
the specimen was cooled to room temperature. The test was then resumed
the following day as soon as test temperature was attained. Thils proce-
dure was continued until the plate specimen collapsed.

All plate and stress-strain specimens were expoped to the test tem-
perature for 1/2 hour prior to loading. The rate of losding was con=-
trolled to achieve a nominal strain rate of 0.002 per minute in both
the plate strength and material stress-strain testa.
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COMPRESSIVE-STRENGTH RESULTS

Experimental Dats

Experimental data from the plate strength tests for temperatures
up to 600° F are presented in teble I and in figure 3. In figure 3 the
solid curves represent the variation of average stress with unlt short-
ening obtained from the tests; the dashed curves indicate material com-
pressive stress-strain curves. - - - .

The curves for the width~thickness ratio of 15 lndicate that buck-
ling and collapse occur at spproximately the same stress. Similar results
are indicated for b/t = 20 and 30. The plates for b/t = 45 and 60
buckle elastically at the lower test temperatures end possess some post-
buckling strength. Above 3500 F the postbuckling strength of plates
with lerger width-thickness ratios diminishes rapidly, and above 500° F
the strength of this material deteriorates to such an extent that all
rlate sizes tested buckle in the plastic range of the materilal.

Estimation of Short~Time Plate Strength

If sulteble materlal-propertlies parameters can be determined, the
falling strength of plate-element structures can be correlated with
chenges in material properties. (See ref. 2.) An appropriate parameter

for plate elements was deflned in reference 2 as (Esccy)l 2, and a rels-
tion for correlating the maximum strength of plates with supported edges
for all b/t ratios was expressed in the following form:_

(—ESJ,—(?—;FE - <) ()

Satigfactory correlation with test date below b/t = 60 was obtained
in reference 2 by using & linesr expression for £(t/b) in equation (1)
as follows:

zﬁ—;§£5i7§ = 1.60(%) (2)
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In reference L4, equation (2) also yielded satisfactory estimates
of meximum compressive strength for 2024-T3 aluminum~alloy plates at
elevated temperatures. Similarly, in this investigation, equation (2)
and the compressive stress-gtrain curves shown in figure 3 were used
in obtaining calculated values of maximum strength. The calculated
results are plotted as curves in figure I and are compared with test
results shown by the symbols. The agreement between calculated and exper~
imental results indicates the validity of equation (2) in estimating
the strength of T075-T6 aluminum alloy at elevated temperatures for
the plate proportions tested. '

PIATE CREEP RESULTS

Experimental Dsata

Typical unit=-shortening results obtalned during the plate creep
tests are shown in figure 5 for temperatures ranging from 350° F to 500° F.
The specimen number, spplied stress &, and ratio of applied stress in
the creep test to the meximum stress obtalned from a strength test for
1/2-hour exposure E/Ef are also given. A summary of all the creep test

results 1s given in teble IT,

The creep behavior of TO75-T6 aluminum-slloy plates was simllar to
that of 2024-T3 gluminum-alloy plates described in reference L4j; that is,
buckles appeared gradually and continued to grow in depth along the
entire length of the plate until the plate collapsed.

Estimation of Creep~Fallure Stresses

Master creep lifetime curves.- The time-~temperature parameter is
often used in the analysis of material creep date and also has been found
ugseful for pregenting creep resulis for structural elements such as col-
umns and plates. In figure 6, the epplied stresses for all the creep
tests of thls investigatlon are correlated with the time-temperature
parameter Tp(C + log, Tf) (from ref. 9), where Tz 1is temperature in

0R, C 1is a constant, and Te is fallure time in hours. A value of

C equal to 20 wag found to be satisfactory for reduecing the data to a
single curve for each plate proportion. The solid curves represent
average values of the test results, whereas the deshed curve indlcates
tensile rupture data for TO75-T6 aluminum alloy (from ref. 10) and is
shown for comperison purposes.

When plate creep data are available, a plot of this type offers a
convenient means for estimating creep~failure stresses at all temperatures
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and times wlithin the range covered by the tests. In addition, by cross- s
plotting, creep~failure stresses for all b/t velues within the renge
tested may be determined.

Isochronous campressive stregs-strain curves.- When plate creep data
are not availsble, it appears that the estimation of creep-~failure stresses
for any velue of b/t can be accanplished in a manner analogous to the
correlation of plete strength with material properties. For example, in
reference 4, satisfactory estimates of creep~fallure stresses for 2024-T3
alunimme-alloy plates were obtalned with the aid of equation (2) and mate-
rial creep date 1in the form of isochronocus compressive stress-strain
curves. In the present Ilnvestigation, a study was made to determine
whether this procedure could algo be aspplied to 7075-T6 aluminum-alloy
plates.

In order to obtaln isochronous coampressive gtress-gtrain curves for
707516 aluminum slloy, the initial portions of the creep curves given in

figure 5(a) (where b/t = 15) were epproximasted by the following relation: B
_ G K g
e—ES+AT sinh-% (3)

This relation was used so that the avellable creep curves could be
extended over a complete range of stress, strain, and time. The first
term on the right-hand side represents the straln achieved upon loading,
a8 determined from the materlal stress-strain curve; the second term
deflines creep deformatlon. It was assumed that materlal creep date could
be obtained from the creep curves for b/t = 15 because the plates for
b/t = 15 remalned flat or showed no evidence of buckles for a greater
part of thelr lifetime than plates of larger proportions. The meterisal
creep constants A, K, and 0, were evaluated from these curves and are

listed in table III.

In figure 7, the calculeted creep~fallure stresses determined from
eqgustion (2) are shown as curves and are compared wlth experimental dats
shown by the gymbols. In general, agreement between the experimental and
calculated values is satigfactory.

Isochronous tensile stress-strain curves.- Tensile creep deta are
often used to predict creep behavior of different structural elements
becaugse compressive creep data are ugually not availlsble for mogt struc-
tural materials. For TO75-T6 aluminum alloy, the material compressive
creep curves obtained in this investigation are significantly different
from tensile creep curves obtained from a few tests conducted at temper=- F
atures corresponding to the plate creep tests. At a glven stress and
temperature, the tensile creep strains were generally greater than the
compresglve creep strains.
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In order to determine whether the use of tensile creep data _
would be satisfactory for estimating creep-fasilure stresses for plates
in compression, the creep test results from the present investigation
were compared wlth calculated stresses obtained from isochronous ten-
slle stress-strain curves end equation (2). The isochronous tensile
stress-strain curves were based on the constants and relation given in
reference 3. Calculsted strains obtalned with these constants were
generally in good agreement with the strains obtalned from the tensile
creep tests. The calculated results for 400° F are compared with creep
test results in figure 8. In general, the calculated results are not in
good aegreement with thé test results. BSince the tenslle and compressive
creep characteristics of this materisl are substantially different, dis-
agreement would be expected. Dissgreement between experimentsel and cal-
culaeted results, similer to that shown in figure 8 for LOO® F, was also
found at the other temperatures investigated.

STRENGTH AND CREEP COMPARISONS OF 7075-T6 AND
2024 -T3 ATUMINUM-ALIOY PIATES

The strength and creep results from the present investigation permit
a direct comperison with similar results glven in reference I for 2021-T3
aluminum-alloy plates. In figure 9, the maximum campressive strengths of
TO75-T6 elumimm=~alloy pletes are campared with the maximum compressive
strengths of 2024-T3 aluminum-alloy pletes for a 1/2-hour exposure at
elevated temperatures. The solid curves are calculated strength curves
taken from figure 4 of this pesper; the dashed curves asre calculsted
strength curves from flgure 5 of reference 4. The curves show a marked
superiority in strength for 7075-T6 alumimum-slloy plates below 375° F.
Above this temperature the campressive yleld stress of TO75-T6 aluminum
alloy decreeses very rapldly, while the compressive yield stress of
2024 -T3 glumimm alloy continues to incresse as a result of artificlal
aging and resches a maximm at 425° F for this exposure time. It should
be noted that the temperature at which pletes of the two materisls possess
the same strength (for equal values of Db/t) will vary for different

values of exposure time.

In meking the comparison of creep-fallure stresses for TOT5~T6 and
2024-T3 alumimm-alloy plates, the temperatures for which plate creep
data were avalldble for both materials were confined to the narrow range
fram 400° F to 500° F. The plate creep-failure stresses for each material
at 400° F are shown in figure 10. The scolid curves are the calculated
curves from figure T; the dashed curves are the calculated curves from
figure 19 of reference 4. The results show that 2024-T3 aluminum-allcy
plates will support a given stress for a much longer time than TOT5-T6
aluminum-slloy plates. Similsr results were obtalned at 450° F and 500° F.
In view of the superior strength of 2024-T3 aluminum-alloy plates at these
temperatures, results of this kind might be expected. It is possible
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that at lower temperatures for which plate creep data are not yet aveil--
able for the two materials, TOT5-T6 aluminum-alloy plates may be superilor
in creep.

CONCIUDING REMARKS

Experimental results from elevated-tempersture strength and creep
tests of TOT5-T6 aluminum-slloy plates supported in V-groove edge fix-
tures have been presented and campared with calculated plate strengths
and creep~failure stresses. The strength results indilcate that a cor-
relatlion procedure used for estimating plate compresslve strength at -
room temperature 1s sppliceble for this maeterial at elevated tempera~
tures. Creep-fallure stresses mey also be calculated with thls proce-
dure if isochronous campressive stress~strain curves are substituted
for the materlal stress-stralin curve.

A comparison of the strength results for T075-T6 and 2024-T3
aluminum-glloy plates indicates a superiority in strength for TO75-T6
aluminum-alloy plates up to approximetely 375 F for a l/2-hour exposgure.
For temperatures above 400° F, where plate creep data are avalleble for
both materlals, a camparison of the results indicates that 2024~T3
aluminum-alloy plates will support a given stress for e longer time
than 7075-T6 aluminum-alloy plates.

Langley Aercnautical Laboratory,
Natlonal Advisory Committee for Aeronautics,
Langley Field, Va., June 8, 1957.
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TABLE I.~ PIATE COMPRESSIVE-STRENGTH TEST

RESULTS FOR 1/2-HOUR EXPOSURE TIME

NACA TN 4111

Plate T, °F b/t Gp, ksi e

1 Room .97 5.4 .0108

2 Room 19.87 66.6 .0073

3 Room 29.7h 46.9 . 0048

) Room 43.63 314 .0057

5 Room 60.48 23.0 .0055

6 300 15.64 60.3 .0107

T 300 20.29 52.6 .0062

8 300 30.18 38.8 L0043

9 300 43.69 26.2 .0045
10 300 60.46 20.2 0057
11 350 14.99 53.7 .0102
12 350 20.03 7.k .0069
13 350 29.81 36.6 .0043
o 350 43,70 2.2 .0051
15 350 60.41 17.5 .00k2
16 400 14.90 40.8 .0087
17 400 19.86 38.9 . 0066
18 400 30.58 29.2 .0039
19 400 Lk .18 21.2 0046
20 400 59.85 15.0 . 0042
21 450 15.22 28.L4 L0104
22 450 20.07 26.6 .0057
23 450 30.28 21.6 .0039
2k 450 43.56 16.7 .0026
25 450 60.47 13.2 .0032
26 500 15.12 20.0 .0102
27 500 19.88 18.8 .0056
28 500 30,34 16.3 .0037
29 500 Wk .76 12.9 .0020
30 500 60.48 10.5 .0025
31 600 .84 12.1. 0119
32" 600 20.15 11.6 .0058
33 600 29.69 10.6 .0045
3h 600 43,06 8.4 .0021
35 600 60.67 6.2 .0015
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TABIE II.- PIATE CREEP- TEST RESULTS®

Plate T, °F b/t 3, xsi 5/6; Ty hr
36 350 .85 k9.0 0.913 0.54
37 350 15.61 k7.0 875 1.56
38 350 15.73 h.6 .830 2.30
39 350 15.58 k2.0 .82 5.31
o 350 14.87 k0.0 .45 11.02
b1 350 20.09 38.0 .802 1.58
h2 350 20.09 32.5 .685 9.30
43 350 29.62 28.0 765 1.65
Lk 350 29.88 25.0 683 9.91
L5 350 43.95 20.8 .858 3.09
%6 350 4,51 20.0 827 3.99
b 350 k3.75 19.0 .85 8.88
48 350 59.76 16.8 .960 1.56
ko 350 59.75 16.0 91k 5.15
50 oo 1%.95 3h ) 843 L.78
51 400 15.60 33.0 .809 2.06
52 koo 14.95 31.9 .782 2,71
53 300 15.56 31.0 T60 .18

koo 15.7L 29.0 .T1L 6.7L
55 100 15.94 22,5 551" | Pi13.00
56 400 19.81 29.5 .58 .82
57 koo 20.42 22.5 578 12.75
58 koo 30.10 22.5 TTL .90
59 k00 29.86 7.5 <599 6.19
60 400 44,58 16.0 <755 1.78
61 400 k.02 13.8 648 7.60
62 oo 60.80 12,k 827 1.81
63 koo 59.67 11.0 .T33 6.85
6L k50 15.07 24.0 845 1.17
65 450 15.11 23.0 .810 1.50
66 450 15.04 21.0 . THO 2.70
67 450 ih.oh 19.0 669 8.50
68 150 1%.96 16.0 .563 17.87

ga11 plates were exposed for Z_L/2 hour at test temperature prior
to loading.

bTesrl: stopped before fallure.
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TABLE IT.~ PLATE CREEP TEST RESULTS ~ Concluded

7, °F b/t G, ksi B/af Tes hT
150 20,13 2l.2 0.800 L.34
450 20.11 20.2 T57 1.92
450 20.14 18.8 <707 2.68
450 20.20 16.3 613 8.00
450 20.1h 15.2 S5T2 15.64
450 20.32 13.5 507 26.38
450 29.78 16.8 T8 1.02
%50 29.59 13.3 616 5.45
%50 L .71 12.5 . T48 .69
450 4k .78 9.7 .58L 8.22
450 60.51 10.8 .818 gg
450 59.67 10.2 STT3 .

1450 60.01 8.7 .659 2.39
450 59.85 7.0 530 1%.18
500 15.08 16.5 .825 .92
500 15.09 15.5 TT5 3.20
500 15.04 1.0 . 700 6.67
500 15.12 13.3 665 8.12
500 15.02 12.5 .625 16.50
500 20.07 15.0 .798 1.28
500 20.56 .0 «Th5 1.18
500 20.37 1L.7 622 5.98
500 29.77 12.5 .T67 1.54
500 29.52 10.0 613 5.72
500 13,68 11.0 .852 48
500 43.55 10.0 TT5 1.351
500 4 .58 7.0 Sh2 1.0
500 59.76 . 7.0 667 L.7h
500 59.66 5.0 H76 14.30
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TABLE IIT.- COMPRESSIVE MATERTAL CREEP CONSTANTS FOR THE CREEP

RELATION € = o + Ams1nh £ FOR 70T5-T6 ALUMINUM ALIOY
s (o]

Er and Eg in kesij; T in hours]

T, °F A 9 K
350 2.00 x 107 13.00 0.304
400 1.07 8.00 k70
450 .728 4.88 549
500 .252 2.64 573
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Figure 2.- Plate specimen in V-groove edge fixture.
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Figure 6.- Master creep-lifetime curves for TO75-T6 aluminum-alloy
plates.
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Figure T.- Comparison of experimental and calculated creep-failure
stresses.
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Figure 8.- Comparison of experimental data and calculated creep-fallure
stresses obtained from tensile creep data and equation (2) at 4LOO° F.
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Figure 9.- Comparison of maximum compressive strengths of TO75-T6 and
2024-T3 gluminum-slloy plates after s % -hour exposure.
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Figure 10.- Comparison of creep-failure stresses of T075-T6 and
2024-T3 aluminum-alloy plates at LOO® F.
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